Abstract: There is little experimental evidence about whether component of variance calculated from separate analysis of variance in waterlogged conditions is effective in estimating the extent of heritable variation and the effectiveness of selection. Seven faba bean variety trials consisting of 17-25 different genotypes each were conducted at four locations in lattice or RCB designs with 2 or 3 replications on drained (using broad bed and furrow, BBF) and undrained (flatbeds) Vertisols between 1996 and 1999. Records on 1000 seed weight and grain yield were subjected to statistical analyses using SAS computer software. Grain yield was more sensitive to waterlogging stress than 1000 seed weight. Heritability and expected genetic gains calculated from separate analysis were higher than those calculated from pooled analysis of variance for both grain yield and 1000 seed weight. The relative precision improvement of pooled analysis of variance over separate analysis ranged from 57-83% for grain yield and 7-25% for thousand seed weight. Thousand seed weight was more heritable than grain yield. There was weak association between heritability and expected genetic gains calculated from separate and pooled analyses of variance for grain yield and strong positive association for 1000 seed weight, indicating that genetic variation and effectiveness of selection for thousand seed weight could, more accurately, be calculated from separate analysis of variance than grain yield. Thus, studies on genetic variability and effectiveness of selection for grain yield based on separate analysis of variance could be misleading under both drained and waterlogged Vertisols because of the potential danger of wrong conclusions that could be drawn from the confounding effects of genotype by environmental interaction.
Introduction
Plant breeders use biometrical techniques to assess genetic variability among and within genotypes, to develop selection criteria, heterotic parents for hybridization, effective breeding procedures and varietal stability (Singh, 1990) . Selection of superior genotypes across locations and thoughtout years is a complicated process as it is based on the phenotypic performances of genotypes and the phenotype is the result of not only genetic but also environmental and genotype by environment interaction. Estimation of genetic variation among genotypes is, therefore, the main concern of breeders as the effectiveness of selection depends on the proportion of the heritable variation, i.e. heritability. However, heritability per se is not sufficient to predict the effectiveness of selection unless it is considered along with expected genetic gain from selection (Allard, 1960) . Environmental and genotype by environment interaction effects are not heritable and, hence, the higher the environmental and the genotype by environment interaction effects, the lower the level of success from selection.
The magnitude of components of variance is commonly calculated from the analysis of variance. It is generally believed that genotype by environment interaction arises from changes in genotypic performances over environment. Whether components of variances calculated from an evaluation of genotypes conducted at only one location for a season (separate analysis of variance) is effective for estimating the extent of heritable variation and the effectiveness of selection is a matter of some concern. A number of authors in Ethiopia have based their analyses of components of variation in different crops on separate analysis of variance, particularly as part of thesis research (Gemechu, 1996 , Gemechu et al., 1999 Tesfaye, 1999; Temesgen, 2002) , including faba bean under waterlogged vertisols (Wondafrash, 2002) . However, others argue that genotypic variances estimated in such a way are biased upward as they do not contain genotype by environment interaction variances (Singh, 1990) especially in a stressed environment where genotype by environment interaction is greater (Briggs and Knowles, 1967; Rosielle and Hamblin, 1981) .
Grain yield and seed size are economic traits representing the first and the second priority as prime objectives of the Ethiopian faba bean breeding program (Asfaw et al., 1994) . Among the target environments for specific breeding are the waterlogged vertisols of the highlands, where genotypes have been evaluated both in drained conditions (moderately stressed) using broad bed and furrow (BBF) and undrained flatbeds (highly stressed). In stressed conditions, where genotype by environment interaction is high, (Rosielle and Hamblin, 1981; Singh, 1990; Simmonds, 1991; Banziger and Edmeades, 1997) , it is expected that evaluation of genotypes only at one location for a season may not be enough to determine genetic variation and the effectiveness of selection. However, there is little experimental evidence, not only in faba bean but also in several other crops, which supports most of these arguments. The objective of this study was, therefore, to determine the effectiveness of separate analysis of variance for estimating genetic variation and effectiveness of selection for grain yield and seed size compared to pooled analysis of variance in faba bean genotypes grown in drained and undrained vertisols.
Materials and Methods
Seven variety trials consisting of 17-25 different genotypes each were used in this study. The entries consisted of genotypes extracted from different germplasm collected from Ethiopia, a few introductions from ICARDA and local and improved cultivars. The trials were conducted at four locations (Ginchi, Enewari, Bichena and Sinja) in drained (BBF) and undrained (flatbed) vertisols between 1996 and 1999 ( Table 1) . The experiments were arranged either in lattice or RCB designs in 2 or 3 replications. Analysis of variance was made assuming RCBD in all the cases for simplicity. Management was undertaken as per the recommendation at each location. Data on grain yield (g plot -1 ) and 1000 seed weight (g) were collected on a plot basis. Grain yields recorded on a plot basis were converted to a hectare (kg ha -1 ) basis for statistical analyses. Separate and pooled analysis of variance over location was made according to the following standard methods using SAS computer software (SAS Institute, 1996) .
Components due to genotype ( G 2 ), environment ( E 2 ), genotype by environment interaction ( GE 2 ) variances, and broad-sense heritability (h 2 ) and the expected genetic gain from selection (GA) were calculated from the separate and pooled analyses of variance by assuming various observed mean squares equal to their expected mean squares as shown in Table 2 (Singh and Chaudhary, 1985) . The mean values of h 2 and GA from separate analysis of variance were averaged over locations for each experiment and then they were compared with values obtained from pooled analysis of variance of the same experiment. Table 1 . Multilocation faba bean variety trials grown in drained and waterlogged vertisols (1996) (1997) (1998) (1999) 
Results and Discussion
The comparison of average performances of grain yield and 1000 seed weight in each experiment on BBF and flatbeds clearly revealed that the magnitude of responses to environmental change (drainage) varied between the two traits (Table 4) . On average, relative reductions (RR) on flatbeds compared to the ones on BBF were 17% for grain yield and only 1% for thousand seed weight. This indicates that grain yield was more sensitive to environmental change than thousand seed weight. Other authors also reported grain yield to be greatly influenced by environmental changes (Dantuma and Thompson, 1983; Lawes et al., 1983) and seed weight to be among the most stable components, least affected by changes in the environment (Dantuma and Thompson, 1983) .
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Heritability and expected genetic gains of grain yield calculated from separate analysis of variance were higher compared to those calculated from pooled analysis of variance in all the cases. The average relative precision improvements (RPI) of pooled analysis of variance over separate analysis of variance, calculated as 1-[Value of pooled analysis/Value of separate analysis], were 66% for heritability and 83% for genetic gain on BBF and 57% for heritability and 75% for genetic gain on flatbeds. However, lower differences were observed between values calculated from separate and pooled analysis of variance for thousand seed weight compared to grain yield. On average, RPI values were only 7% for heritability and 23% for genetic gain on BBF and 13% for heritability and 25% for genetic gain on flatbeds (Tables 5a and b) . Table 3 . Calculations of the components of variance ( g 2 , e 2 and ge 2 ), broad-sense heritability (h 2 ) and expected genetic advance (GA) from separate and pooled analyses of variance in faba bean variety trials grown in drained and waterlogged vertisols (1996) (1997) (1998) (1999) 
.17 *RR is relative reductions, calculated as 1-(values under flat beds / values under BBF)
The magnitudes of heritabilities and expected genetic gains from selection calculated using separate analysis of variance for both grain yield and 1000 seed weight were plotted against values calculated using pooled analysis of variance. Linear regressions were adjusted to show the trends (Figures  1 and 2 ). There were weak interrelationships (R 2 = 0.00-0.37) between heritability and expected genetic gains of grain yield calculated from separate and pooled analyses of variance both on BBF and flatbeds in almost all cases (Figure 1 ). This indicates that heritability and expected genetic gains from selection calculated from separate and pooled analyses of variance were dissimilar. Normally, there should have been a perfect positive interrelationship between the two in order for values calculated from separate analysis of variance to serve as the measure of their counterparts calculated from pooled analyses of variance. The weak association could be due to the fact that genotype by environment interaction effects were confounded in the case of separate analysis of variance while they were included in estimations based on pooled analysis of variance. Thus, heritability and expected genetic gains calculated from separate analysis of variance were biased upwards, and this indicates that basing studies on genetic variability and effectiveness of selection on separate analysis of variance for grain yield could be misleading because of overestimation. This could be due to the use of broad-sense heritability which is composed of additive and non-additive gene effects. On the other hand, there were positive, strong associations (R 2 = 0.66-0.88) between the heritability and expected genetic gains calculated from separate and pooled analysis of variance for thousand seed weight (Figure 2) . Genetic variability and effectiveness of selection determined from separate analysis of variance could be used for thousand seed weight with certain levels of uncertainty. [1996] [1997] [1998] [1999] .
It also seems that heritability could be more safely determined from separate analysis of variance than expected genetic gains from selection. However, as this study did not consider genotype by environment interaction effects due to seasonal variation, the calculations could have affected even thousand seed weight if such interactions differed considerably from the genotype by environment interactions due to locations. Even though the relative importance of spatial variation over temporal variation was reported for faba bean variety trials in waterlogged vertisols of Ethiopia (Mussa and Gemechu, 2004) , temporal variation may also sometimes be more influential than the former (Lawes et al., 1983; Mussa et al., 2003) . 
Conclusion
This study clearly showed that, where environmental differences are great, as in drained and un-drained waterlogged Vertisols, it may be expected that genotype by environment interaction effect is also high. In such cases, care must be taken not to use statistical models that omit inclusion of the genotype by environment interaction effects unless otherwise proven that the performance of the given crop or the given trait is not considerably influenced by environmental fluctuations.
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